This Scientific Operating Procedure (SOP) provides a standard method for assessing the aquatic toxicity of insensitive munitions (IM) formulations or their single constituents using the larval stage of the freshwater fish Pimephales promelas (fathead minnow). The sole endpoint for the acute, 48-hour non-renewal test using P. promelas is survival. Exposure is conducted using larval P. promelas four to ten days old. The larval fish are exposed to a decreasing concentration series of IM compounds (e.g., 100%, 50%, 25%, 12.5%, and 6% of the highest concentration) and to a negative control at 25 ± 1°C in 300 mL glass beakers containing 200 mL of test solution. For each concentration, four replicate beakers, each containing ten larvae are used. Water quality parameters are measured at the beginning and termination of the test. The tests are only valid when the mean survival for the control treatment is 90% or greater. Instructions and requirements are provided for handling P. promelas before and during the toxicity test, preparing aqueous mixtures, initiating and terminating 48-hour tests, maintaining appropriate test conditions, making necessary observations, water quality measurements, assessing the survival endpoint and obtaining samples for chemical analysis.
Introduction
The acute toxicity testing method described herein for assessing the hazard of insensitive munitions (IM) was developed to provide a Scientific Operating Procedure (SOP) to generate consistent and accurate data using the larvae of the freshwater fish species Pimephales promelas, commonly known as fathead minnow, as the test organism.
Pimephales promelas is a suitable test species for the evaluation of the aquatic toxicity of IM compounds because of (1) the extensive use as a toxicity test organism both for standard toxicity testing of effluents (USEPA 2002) and dredged material elutriates (USEPA and USACE 1998), and (2) because they are readily available throughout the year from commercial sources or in-house culturing. The primary objective of this SOP is to describe a standard toxicity testing method for assessing acute lethal effects resulting from exposure to IM formulations or to their single constituents to early life stage freshwater fish.
Background
IMs are more stable, and therefore far less susceptible, to inadvertent detonation resulting from accidental stimulus than traditional munitions (Gray 2008) . Presently, the IM formulation IMX-101, a mixture of 2,4-dinitroanisole (DNAN), 3-nitro-1,2,4-triazol-5-one (NTO), and 1-nitroguanidine (NQ), is qualified as a replacement for TNT in artillery rounds (Lee et al. 2010) . The IM formulation IMX-104, a mixture of DNAN, NTO, and hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX), is qualified as a replacement for Composition B in artillery rounds . Conventional and insensitive munitions are manufactured at ammunition facilities, which typically discharge treated wastewater into the environment. Munitions utilized in live fire can result in the scattering of their explosive fill onto the soil surface of training ranges where it is expected to undergo weathering, dissolution, and transport with the potential of eventually contaminate surface and groundwater (Taylor et al. 2015) .
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Scope
The scope of this document is to provide a detailed method for conducting acute water-only toxicity testing using larvae of the freshwater fish Pimephales promelas to assess the lethal effects of IM formulations or their single constituents.
Materials
This protocol utilizes the following materials, reagents, and equipment: Using the suggested treatments, the 100% treatment and dechlorinated tap water will be mixed in the proportions contained in Table 1 . Use graduated cylinders or volumetric flasks for measuring accurate volumes. 9. Transfer a small volume of each treatment (e.g., 40 mL) into a 50 mL beaker for initial water quality parameters (i.e., pH, conductivity, dissolved oxygen, temperature, hardness, and alkalinity). 10. Obtain the necessary amount of each concentration (e.g., 10-20 mL in pre-labeled scintillation vials) for the chemical analysis of IM compounds. Maintain the samples at 4 °C and in the dark until analysis is conducted. Consult the analytical laboratory for holding times. 11. Prepare the toxicity test exposure vessels. Each treatment, including the control, will have four replicates. Transfer approximately 200 mL of each treatment solution into each 250 or 300 mL beaker labeled with the assigned concentration and the test replicate designation (i.e., A, B, C, and D). Beakers are placed in a water bath or environmental chamber at 25 °C under wide-spectrum fluorescent lights set for a 16-hour:8-hour light:dark cycle. 12. Feed fish prior to use in the experiment (a minimum of 2 hours prior to transfer to exposure chambers). Increase fish concentration in the holding vessel by carefully siphoning out excess water through fine mesh net, if necessary. 13. Load ten larval fish into each replicate test beaker while a minimizing the amount of transferred water, this minimizes the potential dilution of the test concentrations. Use a plastic pipette with the tip cut off (to increase bore size) to gently transfer fish into test beakers. Injured or dropped fish cannot be used in testing. 14. Loosely cover all beakers to minimize evaporation (e.g., with Plexiglass acrylic sheet or watch glass covers). 15. Test maintenance a) All water quality parameters are taken at the start and final time points with temperature and dissolved oxygen (DO) also taken on day 1. b) Remove dead fish daily. Fish are considered dead if they do not respond to gentle prodding with a blunt probe. c) Record survival at day 1 and at experiment termination.
16. Terminate the exposure after 48 hours. a) Record and assess the number of live fish in each test replicate. b) Measure water quality parameters (i.e., pH, dissolved oxygen and temperature) in each test beaker. Ammonia, hardness and conductivity should be measured in at least one replicate per concentration.
Reporting and Analysis

Reporting test results
Data sheets or a notebook should be used to record daily activities from the time test organisms are received from the commercial vendor. Activities to record include exposure termination, water quality parameters, test organism survival at day 1, and test organism survival at test termination.
Analysis of results
Analyze the data using analysis of variance (ANOVA) with a Dunnett's post hoc test (one-tailed) for comparison to the respective control treatment for each experiment. When assumptions of parametric ANOVA are not met, (i.e., normality [Shapiro-Wilk's test] and homogeneity [Bartlett's Test]), conduct the non-parametric Kruskal-Wallis ANOVA on ranks with a Steel's Many-one rank post hoc test. This statistical analysis will determine the significance of differences in survival between IM treatments and their respective control.
The toxicity of contaminants should also be expressed using summary statistics intended to provide useful information that is predictive of potential effects on the exposed population or ecosystem. Summary statistics are expressed as the regression-based LCx, which is the concentration at which there is an x% effect (reduction) of the survival endpoint. For example, an LC50 signifies a 50% reduction in survival relative to the control. Maximum likelihood-probit analysis should be used to estimate the LC50, LC20 and the LC10 values and their associated 95% confidence limits. Alternatively, LC50 values should be calculated using the Trimmed Spearman-Karber analyses when the maximum likelihoodprobit analysis fails to yield 95% confidence limits. 3. Water quality a) Add aeration if the DO concentration falls below 4.0 mg/L (bubbling rate ≤100 bubbles/min). b) Instruments used for measuring chemical and physical parameters (pH, DO, temperature, alkalinity, and hardness) must be calibrated each day prior to use. c) All data should be recorded on appropriate bench sheets, dated, and initialed.
